EXHIBIT A 



Fischer sequence 

IVALPXGMLK 

SEQ ID NO: 2 (single letter sequence) 

YFPPPAAKEDFLGCLVKSIPPRLLYAKSSPAYPSVLGQTIRNSRWSSPDNVKPIYIVTPTNASHIQSAWC 
GRRHGVRIRVRSGGHDYSGLSYRSLQPEEFAWDLSKMRAVWVDGKARTAWVDSGAQLGELYYAIHKASTV 
LAFPAGVCPTIGVGGNFAGGGFGMLLRKYGIAAENVIDVKLVDANGTLHDKKSMGDDHFWAVRGGGGESFG 
IWAWKVRLLPVPPTVTVFKIPKKASEGAVDIINRWQWAPQLPDDLMIRVIAQGPTATFEAMYLGTCQTL 
TPMMSSKFPELGMNASHCNEMSWIQSIPFVHLGHRDNIEDDLLNRNNTFKPFAEYKSDYVYEPFPKRVWEQ 
IFSTWLLKPGAGIMIFDPYGATISATPSWATPFPHRKGVLFNIQYVNYWFAPGAGAAPLSWSKSIYNYMEP 
YVSKNPRQAYANYRDIDLGRNEWNDVSTFSSGLVWGQKYFKGNFQRLAITKGKVDPTDYFRNSQSIPPLI 
KKY 

SIM+LAIiNVIEW analysis 

37,5% identity in 8 residues overlap; Score: 22*0; Gap frequency: 0*0% 

Fischer, 1 IVALPXGM 

Phlp4(#2), 142 VLAFPAGV 

* * * 



SEQ ID NO: 4 (single letter sequence) 

YFPPPAAKEDFLGCLVKEIPPRLLYAKSSPAYPSVLGQTIRNSRWSSPDNVKPIYIVTPTNASHIQSAVVC 
GRRHGVRIRVRSGGHDYEGLSYRSLQPEEFAWDLSKMRAVWVDGKARTAWVDSGAQLGELYYAIHKASPV 
LAFPAGVCPTIGVGGNFAGGGFGMLLRKYGIAAENVIDVKLVDANGTLHDKKSMGDDHFWAVRGGGGESFG 
IWAWKVRLLPVPPTVTVFKIPKKASEGAVDIINRWQVVAPQLPDDLMIRVIAQGPTATFEAMYLGTCQTL 
TPMMSSKFPELGMNASHCNEMSWIQSIPFVHLGHRDNIEDDLLNRNNTFKPFAEYKSDYVYEPFPKEVWEQ 
IFSTWLLKPGAGIMIFDPYGATISATPEWATPFPKRKGVLFNIQYVNYWFAPGAGAAPLSWSKEIYNYMEP 
YVSECNPRQAYANYRDIDLGRNEWNDVSTFSSGLVWGQKYFKGNFQRLAITKGKVDPTDYFRNEQSIPPLI 
KKY 

SiM+IAItNVIEW analysis 

37.5% identity in 8 residues overlap; Score: 22.0; Gap frequency; 0»0% 

Fischer, 1 IVALPXGM 

Phlp4 (#4) , 142 VLAFPAGV 

* * * 



SEQ ID NO: 6 (single letter sequence) 

YFPPPAAKEDFLGCLVKEIPPRLLYAKSSPAYPSVLGQTIRNSRWSSPDNVKPLYTITPTNVSHIQSAVVC 
GRRHSVRIRVRSGGHDYEGLSYRSLQPETFAWDLNKMRAVWVDGKARTAWVDSGAQLGELYYAIYKASPT 
LAFPAGVCPTIGVGGNFAGGGFGMLLRKYGIAAENVIDVKLVDANGKLHDKKSMGDDHFWAVRGGGGESFG 
IWAWQVKLLPVPPTVTTFKISKTVSEGAVDIINKWQWAPQLPADLMIRIIAQGPKATFEAMYLGTCKTL 
TPLMSSKFPELGMNPSHCNEMSWIQSIPFVHLGHRDALEDDLLNRNNSFKPFAEYKSDYVYQPFPKTVWEQ 
ILNTWLVKPGAGIMIFDPYGATISATPESATPFPHRKGVLFNIQYVNYWFAPGAAAAPLSWSKDIYNYMEP 
YVSKNPRQAYANYRDIDLGRNEWNDVSTYASGKVWGQKYFKGNFSRLAITKGKVDPTDYFRNEQSIPPLI 
KKY 

SIM+LALNVIEW analysis 

42.9% identity in 7 residues overlap; Score: 19.0; Gap frequency; 0.0% 



Fischer, 2 VALPXGM 

Phlp4(#6), 143 LAFPAGV 



EXHIBIT B 



NCBl Sequence Viewer v2.0 



http://www.ncbi,nim-nih.gov/sviewer/viewer.fcgi?tooi=portal&^ 
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OMIM 



Books 



^ 1: P43213 . Reports RecName: Full=PoL..[gi:l 171008] 

>giill7l008 I spl P432 13 . 1 i MP7VPl_PHLPR RecMame: Full-Pollen 
allergen Phi p 1; AltName : Full-Aliergen Phi p I; AltName: 
Allergen=Phl p 1; Flags: Precursor 

MASSSSVLLVWLFAVFLGSAYGIPKVPPGPNITATYGDKWLDAKSTWYGKPTGAGPKDNGGACGYKDVD 
KPPFSGMTGCGNTPIFKSGRGCGSCFEIKCTKPEACSGEPVVVHITDDNEEPIAPYHFDLSGHAFGAMAK 
KGDEQKLRSAGELELQFRRVKCKYPEGTKVTFHVEKGSNPNYLALLVKYVNGDGDVVAVDIKEKGKDKWI 
ELKESWGAIWRIDTPDKLTGPFTVRYTTEGGTKTEAEDVIPEGWKADTSYESK 



BUnk, Conserved 
Domains. Links 

Next^seguence 



S 2: CAA81613 . Reports pollen aileron P.., [gi;390 1094] 

>gi|3901094!eiGti|CAA81613,l| pollen allergen Phi pi [Phleum srevious sequence 
pratense] 

MASSSSVLLVVAliFAVFLGSAHGIPKVPPGPNITATYGDKWLDAKSTWYGKPTAAGPKDNGGACGYKDVD 
KPPFSGMTGCGNTPIFKSGRGCGSCFEIKCTKPEACSGEPVVVHITDDNEEPIAAYHFDLSGIAFGSMAK 
KGDEQKLRSAGEVEIQFRRVKCKYPEGTKVTFHVEKGSNPNYLALLVKFVAGDGDVVAVDIKEKGKDKWI 
ALKESWGAIWRIDTPEVIiKGPFTVRYTTEGGTKGEAKDVIPEGWKADTAYESK 



Btink, Conserved 
Domains, Links 
jsiext sequence 



0 3: 21 18271 A . Reports allergen Phi p L..[gi: 1582250] 

>gi I 1582250 iprf ! |2118271A allergen Phi p I Vevious sequence 

MASSSSVLLVVALFAVFLGSAHGIPKVPPGPNITATYGDKWLDAKSTWYGKPTAAGPKDNGGACGYKDVD 

KPPFSGMTGCGNTPIFKSGRGCGSCFEIKCTKPEACSGEPVWHITDDNEEPIAAYHFDLSGIAFGSMAK 

KGDEQKLRSAGEVEIQFRRVKCKYPEGTKVTFHVEKGSNPNYLALLVKFSGDGDVVAVDIKEKGKDKWIA 

LKESWGAIWRIDTPEVLKGPFTVRYTTEGGTKARAKDVIPEGWKADTAYESK 



BLink, Conserved 
Domains, Links 

Next sequence 



Q 4: CA A55390 . Reports Phi p I allergen ...[gi:473360] 

>gi|473360|emb|CAA55390.1i Phi p I allergen [Phleum 
pratense] 

MASSSSVXLVVVLFAVFLGSAYGTPKVPPGPNITATyGDKWLDAKSTWYGKPTGAGPKDNGGACGYKDVD 
KPPFSGMTGCGNTPIFKSGRGCGSCFEIKCTKPEACSGEPVVVHITDDNEEPIAPYHFDLSGHAFGAMAK 
KGDEQBOjRSAGEIiELQFRRVKCKYPEGTKVTFHVEKGSNPNYLALLVKyVNGDGDVVAVDIKEKGKDKWI 
ELKESWGAIWRIDTPDKLTGPFTVRYTTEGGTKTEAEDVIPEGWKADTSYSSK 

Disclatmer | Write to the Help Desk 
NCBl I HLM I NIH 
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Results of search 


Number of sequences 


4 


Alignment scQre 


9659 


Sequence format 


Pearson 


Sequence type 


aa 


JaltflOW 




Outputflk 


dubtalwg 20091002-163951 5291 .ewbut 


Alignment fle 




Guide tfM nto 


clus1alwg-:2OO91C02.1 63951 5291 cfid 


Your Hinit file 


' c!u3tah<v2'20D910Q2-1 S3951 529 1 i/ipc* 



jf SUBMTAMOTHER JOB;- 



To ssVB A result JIte ftght-dfck tl» We fir* in Hie abow table and choose "Save TaiBB* yte". 

If you carrnof see tfie ./ia; Vfetvfrulton, neloacf JTie and cAecft youriwwiser sslllms^s to enaWe Java App/efa. 



Scores Table 



j Sort by ^ 1 1 Sequence Number j j: VfeW Qut piit Fite j 



SeqA 


Name 




SeqB 


ilirane 




Score 


1 


gi uiviooa j 


263 


2 


gi13901094l 


2 63 


93 


1 


di 111710081 


263 




gi|15S2250i 


262 


93 


1 


gi 111710081 


263 


4 


giE473360 j 


263 


100 


2 


gi;3901Q94| 


263 


3 


gi|1582250i 


2^2 


98 


2 


giJ39010941 


263 


4 


gl| 4733601 


263 


33 


3 


gi|lSS22SO| 


262 


4 


yi! 473360I 


2 63 


93 



PLEASE Nor^: Some scoiM may be missing ftom itiB abow bible if the aligmnentVBS dona asmg mutSple CPU mods. Pfeaae check the output. 



: Sort by; . | \ ^^'^nf:^,}:*}!!!^^} 



i ShowCblors ij: VLewAlignniant File j 

CLUSTAL 2.0.12 multiple sequeace alignment 



gi!117aOOBi 
giS 4733601 
gl| 3901094 1 
gi( 1582250 1 



gi [11710081 
gi|473360 1 
gi 13 901094] 
gi 11582250 I 



giliniOOBi 
gi I 473360 1 
gi3 39010941 
gi|15322501 



gi ill71009i 
gi 1473360 i 
gi 13901094 I 
gi|15822S0| 



MASaSSViLWVLFAVFLGSAVGI P^WPP<JPHIT^T¥GDKWLDJ^KST^7YGKPTGAGPKaM 60 

MASSSSVLLVWl>rAVFLGSAYGIPKVPPePMITATYGDKWLDAKSTV?YGKE>TGaG(?KaK 60 

laSSSSVIJLVVALFaVFLGSMIGIPKVPPGPWITATlfGDKWLDaKS'jrPYGKPTAAGPKDH 60 

iaSSSSVLLVVAtravri£SMGIPKVI*PGPHITATyGDKWLDAKS'jrHYGKPTAAePKDN 60 
**-ir*-k***Mii* *********.*********■***+********+******■***. ****** 

GGACGYKDVDKPPFSGMTGCGHTPIFKSGItGCSSCFEIKCTKPEACSGEPVVVHITWDME 120 

GGACGYKDVCKPPFSaaTGCeNl'PXFKSGRECGSCPEIKCTKPEflCSGEPVWHITDDWB 120 

GGAf^YKPVDKPPFSGMTGCGHTPIFKSGHGCGSCFEIKCTKPBACSGEPVWHITDDHB 120 

GSACGYEaJVDKPPFSGMTeCGilTPTFKSGHeceSCFEIKCTKPEftCSGBPVVVKITDDNE 120 
#■+************■**■************************** ********^** ******** 

BPIAPYHFDL3GHaPGftimKKGDEQKI^jyGBI.aLQFRRVKCKYPEGTKVTrHVEKGSNP 180 

EPIAPYHFDLSGHAPGftMWCKGDEQKLRSAGELELQFRRVKCKYPEGTKVT FHVBKGSHP 180 

EPIMYHFDLSGIfiFGSMAKSDGDEQKI.R.'SAGEVEIQFRRVKCKYPEGTKVT FHVBKGSNP 180 

EPIAAYHFDLSGI AFGSliDUCKGDBQKLRSAGEVBIQFRRVKCKYPBGTKVT FHVEIKGSHP 180 
**■+,***■**********#* ************** ******* 

b7¥LAiI.VKi'VKGDSDVVAVDIKEKGKDKWIELKESWGAlWRIDTPDKLTGPFTVRY'rTEG 24 0 

HY L AL LV K Y VNGDGD WaVD I K EK G KD KWI ELKB SWGMWRI DT P DKLTGP FTV R YTT EG 24 0 

NYLaLLVKFVAGDGDWaVEI KEKGKDKtflAlKBSVIGMWRI DTPEVLKGPJrTVRYTTEG 240 

HYI-AIiLVKFS-GDGDWAVDI KEKGKDKHIALKBSWGAIHRI DTPEVLKGPFTVaXTTBC 239 

^**lrit***- ***+++:JHtJti********* 



gi|1171000 i 
gi 3 473360 I 
gi I 3901094 1 
gii 15B2250I 



GTKTF.AEDVIPEGWKADTSYIB3K 263 
GTKTEAEDVIPEGWKAMSVESK 263 
C^TKGEAKDVLPBGHKADtAYESK 263 
GTKAEUUCDVIPBGHKAPTAYESK 2 62 

4rilr* «.**"«■«*******:**** 



PLEASE NOTE: Shoving cc/ora on lafge aUgnments is slow 



ShowCqlore M: View Alignmehl Fife = 



Show as Phylpgram Jam | r Shaw bie*5hops= j y\ ^'^p^^^^ii, 



( 

gi]ll7l0081 ;0. 00000, 
t 

gi|3901094L:D. 00369, 
gi|1582250|:0, 00776) 
.:0. 06095. 

gl!473360l :O.O0O00»; 
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Unveiling the secrets of the primary structure of Phi p 4 r 

Molecular cloning of the major pollen allergen from Timothy Grass (Phleum pretense) | 

I 

A. Nandy, S, Buchhop, R Suck, A. Petersen*. O. CromweSl. H. Fiebig i 

Allergopharma Joachim Ganzer KG. R&D Department. 21465 Reinbek. Germany 
^Research Center Borstel. Biochemical & Molecular Allergology. Borstel. Germany 
Contacl e-mail: andreas.naricly@allergopharma.de 
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1 



Grass pollen allergy is one of the most common allergies world- 
wide. Recombrn ant allergens are believed to represent the future of 
allergen specific immunotherapy Whereas the cDNA sequences of 
several grass pollen allergens are known, the coding sequence for 
Phi p 4, a major grass pollen allergen recognised by more than 70 % 
of allergic patients (1-5), has so far escaped detection (5). 



hodm 



A set of degenerate oligonudeotrdG primers was designed 
based on N-lerminal and interna! protein sequences obtained 
from purified natural Phi p 4 (Tab. 1). In a complex PGR 
strategy (Fig. 1) involving degenerate and specific primers 
the Pill p 4 gene could be amplified from genomic DNA and 
from c^NAderived from Phieum pratense pollen. 



The deduced amino acid sequence of full length 
Phi p 4 contains 500 amino acids, with a 
calculated MW of 55,7 kOa and a caicutated 
basic pi of 8.8 (Tab 2). The identity of the Phi p 4 
sequence has been confirmed by positive 
reaction of recombinant Phi p 4 with specific 
monoclonal antibodies (Fig. 2) and by reaction 
with IgE from grass pollen allergies (Fig, 3). A 
sequence database homology search revealed 
similadttes to a group of berbehne bridge 
enzyme-lil<e oxido-reductases {Fig. 4). 



1 ab, 2 Phi p 4 SoqucRGoanal-ysis 
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The ability to produce recombinant Phi p 4, a major allergen of grass pollen witi-i one of the 
highest IgE binding frequencies fneasured in sera of pollen allergic patients, may represent a 
key step for the development of future diagnostic and immunotherapeutic preparations. 
Recombinant Phi p 4 will also serve as a valuable tool to elucidate the role of the carbohydrate 
moiety of natural Phip4in IgE reactivity and cross-reactivity with other plant and food allergens. 
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DNA sequences of group 4 allergens from rye, wheat, barley 

and Loiium perenne 

Comparison with isoforms of Phleum pretense Phi p 4 
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Allergopharma Joachim GanzerKG, R&D Department, 21465 Reinbek, Germany 
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Introductteis 



Grass polfen allergy is one of the most important aflergic diseases 
world-wide. Several grass species grown in meadows, like P. 
pretense and L, perenne, contribute to allergic sensiHsatjons, but 
also allergens from exlensiveiy cultured cereals, especially rye, 
make a profound contribution to the development of allergy. The 
group 4 major allergen of P. pratense. Phi p4, is recognised by more 
than 70 % of grass allergic patlents'*^^. IgE-binding cross-reactivity 
has been described for some group 4 allergens of different grass 
species', but until now only the Phi p 4 gene could be dedphered on 
theDNA-level. 



Results 



The Poo]deaegroup4 aUergens represent a family of basic proteins 
with molecular weights of about 55 kDa and calculated pi values far 
above 8 (Tab. 1, Fig. 1). In rye. wheat and R pretense distinct 
isofoHTis with amino acid identities of 88 to 94 % could be detected. 
Additionally these isoforms exist in different minor variants. The 
tnler-species homology lies in the range 83 % (Phi p 4 to Triticeae 
species) to 95% (Sec c4to Tri a4) (Fig. 2, Fig. 3). 
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Fig. 2 Scqiienco idcntittos 
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Methods 

Based on the DNAsequence of Phi p 4 several PCR-primer sequences 
with cross-reactivity to DNA sequences of related species could be 
designed. The group 4 DNA sequences of Loiium perenne (Lol p 4), 
Secale cereale (Sec c 4), Hordeum vufgam (Hor v 4), and Tritfcum 
aesVvum(Tn 3 4) have been amplified, cloned and sequenced. 
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Cone l:U s ion ;•: ; V;] j.| 

The group 4 allergens represent a family of proteins that are conserved among different grass 
species. The occurrence of cross-reacting isoforms In distinct species with amino acid 
homologies that are comparable to those of different group 4 molecules across the spectes 
border is remarkable. Since recombinant group 4 allergens may be important for a future 
recombinant aiiergen based specific immunotherapy, strong efforts should be made to evaluate 
the cross-reactive therapeutic potential of the different group 4 allergens arKi their isofomis. 



First FYescntat'iOn. Juno ^04^ £iAACI. Amsterdam ContacbAllcfpophorma Joachim Qanzi^ KO D-Z14B2 Reinbek^ Gcfmany lU.: -4^49 40 7276S-0 Fax f4B 40 722771 3 



1) R.E Rossi et d. (2001^ Ailofgy 56< 116041553 

2) K Andorsson aocf Udbolm {2003), Int Arch. AH orgy 
tmnnunol., Review article, 130, SZ-IO? 

3) S. Stumvoll otal. (2002), Bbl. Chcm. 383, 13B3-1396 

4) Lasorgono DNASTAR, Inc., Madison, Wl 5S715. U.aA. 



Recombinant Phleum pratense pollen allergen Phi p 4 

Clues to new data for an old allergen? 



A. Nandy. U. Wiald. B. Weber, Kahlert. O. Cromwell, H. Fiebig 
Allergopharma Joachim Ganzer KG, R&D Department, 21465 Reinbek^ Germany 



Introduction 

The group 4 allergens of grasses were first clescrit>ed 
more than 20 years ago and are well known as Important 
major allergens of grass pollen allergy, one of the most 
common allergies workt-wlde. Phi p 4 Is b baste 
glycoprotein that together with Phi p 13, accounts for the 
hfgh molecular weight fraction of grass pollen allergens. 
Frequencies of IgE sensiMsation highef ^han 70% have 
often been reported (1-3), end therefore Phi p4 seems to 
be as important as Phi p 5. Contrary to the situation for Phi 
p 5 and other impoflani Phleum allergens, the primary 
structure of Phi p 4 has been discovered only recently, 
despite very cor^ siderable efforts In the past. 



Fig, 1 Ril p -1 craning alralatjy 



Results 
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The experimental procedure that in the end led to the genomic and cDNAsequences of the gene was 
based on a complex PCR strategy involving specific and degenerate primers (Fig. t). The identified 
s^uence has been confirmed to be Phi p 4 by alignment of the deduced amino acid sequence with 
natural nPhI p 4 derived peptides (Fig. 2).The deduced ammo acid sequences of two variants of mature 
Phi p 4 consist of 500 amino adds each, with calculated molecular weights of 66 kDa and basic pi's of 
8,8 and 9,2, respectively. A sequence database homology search revealed similarities to berberrne 
bridge enzyme-like oxido-reductases (Fig. 3). Recombinant Phi p 4 was expressed in E. coft as 
inclusion bodies and has been subjected to a refolding procedure. However, the correct folding turned 
out to be difficult to achieve- Therefore we have expressed Phi p 4 in the meth^otrophic yeast Ptchia 
pststori^. The P, pastoris derived Phi p 4 Is highly soluble and has been purified via HIs-tag from culture 
supernatants. Purified recombinant Phi p 4 has been characterised by SDS-PAGE (Fig. 4)» IgE 
inhibitton assay (Fig. 5), and protein dots using monoclonal antibodies, as well as IgE containing 
allergic subjects' sera {F]q. €}. The epitopes of two monoclonal antibodies 3C4, and 5H1 could be 
localised to the N-terminsI and C-termlnal domain, respectively (Fig. 7), A 3-D nfiodel of Phi p 4 was 
generated on the baslsof the vanHlyl-alcoholoxidase{VAO)structur6 (Fig, 8). 
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Fig. 7 Identiffcaibn ofmAb BpHops5 



Fig. 3 ATiQaramtciPMpA and Ihia betbdrina l>ixJ^ enzyme {BBE) 
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Fig. 8 3-Dh3iT>35Dgy TTOtklutPliip4 



Fig. .2 AlignmBnlof Phlp4p«plxfeswrthdBdtJcBd 
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Fig. 4 St>B.f-AGE anat/sis 



Fig, 5 Human I^E inhibStron sfisar 
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Conclusion 



cii9u«anJ^rPMp4A«npMa«dlnlL«Dl. 1>i«E.«iJdariiHd|nMhha 



The ability to produce recombinant Phi p 4 may represent a key step for the development of 
future diagnostic and immunotherapeutic preparations and may be of special importance for 
iho sealtergicperaonsthat show asirong IgE response to Phi p4. 
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